Interprofessional collaboration between doctors and nurses is based on team mental models, in particular for each professional's roles. Our objective was to identify factors influencing concordance on the expectations of doctors' and nurses' roles and responsibilities in an Internal Medicine ward. Using a dataset of 196 doctor-nurse pairs (14x14 = 196), we analyzed choices and prioritized management actions of 14 doctors and 14 nurses in six clinical nurse role scenarios, and in five doctor role scenarios (6 options per scenario). In logistic regression models with a non-nested correlation structure, we evaluated concordance among doctors and nurses, and adjusted for potential confounders (including prior experience in Internal Medicine, acuteness of case and gender). Concordance was associated with number of female professionals (adjusted OR 1.32, 95% CI 1.02 to 1.73), for acute situations (adjusted OR 2.02, 95% CI 1.13 to 3.62), and in doctor role scenarios (adjusted OR 2.19, 95% CI 1.32 to 3.65). Prior experience and country of training were not significant predictors of concordance. In conclusion, our concordance-based approach helped us identify areas of lower concordance in expected doctor-nurse roles and responsibilities, particularly in non-acute situations, which can be targeted by future interprofessional, educational interventions.
Introduction
Inpatient hospital care requires close interprofessional collaboration between doctors and nurses. Effective collaboration can improve the quality and cost of care [1] [2] [3] [4] [5] . Good team collaboration requires having a team mental model among the team members [6, 7] , which has a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 been defined as "organized mental representations of the key elements within a team's relevant environment that are shared across team members" [8] . Two contexts for team mental models have been described in team science literature: taskwork and teamwork [9] . The taskwork model captures the members' understanding of resources, strategies, procedures and task contingencies. The teamwork model reflects the members' perception of team member roles, responsibilities and norms, and of team structure, coordination and communication. Assessment of mental models is considered through 3 aspects, according to a conceptual framework summarized by DeChurch: [10] a) elicitation methods, or the technique to elicit the content in the model, b) structure representation or the associative networks of knowledge, which can be assessed with similarity ratings and c) the degree of sharedness, or degree of overlap between mental models in a team. Our study aimed at rapidly and feasibly assessing the degree of sharedness between the team, using scenarios that require clinical assessment, reasoning and notions of role representation and expectations. Teams rely on a "pattern of cognitive similarity to effectively retrieve and share information." [11] . In fact, shared expectations and perceptions of professional roles lay the groundwork for communication and collaboration for effective team performance [12] . Lack of a shared underlying mental model of roles can therefore have potential repercussions on quality of care [7, 13] and patient safety [14, 15] . Important differences however have been shown between behaviors and role expectations among nurses and physicians [1, 16, 17] . Perception of poor collaboration with physicians is also associated with nurse's intentions to leave their job [18, 19] .
As health professions education moves towards interprofessional education at both graduate and post-graduate levels [20, 21] , there is a growing need to develop methods to assess underlying role expectations and perceptions, as groundwork for teamwork improvement. Addressing misunderstandings can allow programs to improve communication and collaboration. For this paper, we will use the term "role" to describe the health professional's role, responsibilities and activities.
In a previous paper on interprofessional collaboration between doctors and nurses in General Internal Medicine wards, we explored and compared role expectations and perceptions among these professions [22] . Using a mixed methods approach with individual interviews and a questionnaire, we studied how doctors and nurses viewed their own role and the role of the other profession. Results indicated only moderate correlation between doctors' and nurses' expectations and intended actions, suggesting the need for better clarity regarding doctors' and nurses' roles, particularly regarding nurse autonomy: recognizing and anticipating patient problems and involvement in decision-making [22] .
In this paper, our objective was to assess factors associated with a concordant team mental model, based on doctor and nurse teams in an Internal Medicine ward, using a clinical casebased questionnaire. Our analysis focuses on factors related to the working environment (undergraduate training and current work place), the clinical case (acute or not) and team (role expectations and perceptions). We hypothesized that greater prior experience in an internal medicine environment would improve concordance, through exposure to a common environment with similar local practices. Studies in team science have shown that sharing a team mental model can help anticipate the other members' responses, with improved coordination and communication [9, 23] . Likewise, we also hypothesized that experience acquired during graduate training in Switzerland would be associated with higher concordance among doctors and nurses compared to graduate training in other countries such as France, due to differences in team organization, procedures and environmental conditions. Prior literature has shown that team mental models can enhance coordination and effectiveness in urgent contexts. We therefore hypothesized that acute cases would have higher concordance between doctors and nurses compared with non-acute cases. Acute cases may have more clearly identified management roles than non-acute cases, as many algorithms for acute situations have already been established. Finally, we hypothesized that concordance would be higher regarding doctors' roles than nurses' roles, based on our prior qualitative findings [22] .
Methods
We used the materials collected for the mixed-approach study [22] to conduct a secondary analysis of the questionnaire dataset. The overall project was approved by the research ethics committee of the University Hospitals of Geneva, which waived a complete review.
Participants and setting
The study was conducted with a convenience sample of 14 doctors and 14 nurses recruited from the Division of General Internal Medicine at the Geneva University Hospitals, Switzerland, a 1800-bed public hospital. This division encompasses 130 beds across nine acute-care wards. The participants were residents from a 5-year post-graduate training program and staff nurses actively working on the Internal Medicine ward.
Data collection and analysis
Participants were asked to fill out a questionnaire with 11 clinical scenarios. In six of these, participants were asked what action the nurse should take, and in five they were asked what action the doctor should take (Table 1) . Depending on the profession of the participant, the questions were worded as "Indicate how you would deal with the situation" or "Indicate how you think the doctor/nurse should deal with the situation". Participants were asked to select at least one action (from a list of six possible actions) for each scenario, but could select two or more ranked actions if desired. These six possible actions reflect role perceptions and role expectations, as well as the degree of perceived urgency.
Each scenario required clinical reasoning, and integrated the notions of doctor and nurse roles and expectations in a clinical setting, and goes beyond the application of a procedure. The assessment of urgency exemplified in Table 1 is a key aspect of the mental model, and will affect the plan of action chosen. We built logistic regression models using concordance between doctor and nurse pairs as a primary outcome. Pairs were the unit of analysis and were built by theoretically combining the 14 doctors with the 14 nurses (14 Ã 14 = 196 pairs). For every question within a doctor-nurse pair, we created a binary variable for concordance between each doctor and each nurse (concordance versus no concordance). Concordance was defined by either (1) doctor-nurse agreement on the initial response (top choice) of one type of professional in a specific situation, or (2) agreement on at least one of the top two choices. We proceeded initially using the top choice for concordance, and then broadened the analysis to the first two choices given for each clinical scenario. For these clinical scenarios, choices were not mutually exclusive. In fact, two or more management choices were often possible, such as calling the doctor and undertaking an action (giving the patient oxygen, for example). Therefore, the inclusion of both responses in our analyses allowed us to disregard the sequence in which the actions were performed. Furthermore, when these actions are often accomplished almost simultaneously, choosing only the first response could bias the results.
For each of the theoretical 196 doctor-nurse pairs, there were six scenarios about nurses' role and five scenarios about doctors' role ( Table 2) . We considered the following covariates: prior experience in Internal Medicine was defined as a binary variable with a cut-off at 36 months. We used this cut-off point because it is the duration of postgraduate internal medicine training as an intern in our teaching hospital. The question type was defined by two variables: one was about doctor or nurse roles, and the other about the acuteness of the case. A case was either acute if it required immediate attention, or non-acute: sub acute when needing rapid management (before the planned medical rounds), and not acute when action was required in the next few hours, and when decisions could be addressed during the next rounds. Based on a consensus of three expert clinicians, three of the 11 cases were acute. We also included gender, as the proportion of female nurses was much higher than that of female doctors. We considered prior Emergency Medicine (ER) and Intensive Care (ICU) rotations as potential confounders. Finally, we also included a variable for the country of training to compare training in Switzerland to training in any other country. We did not include overall clinical experience in our model, due to the co linearity between total clinical experience and prior experience in the Division of Internal Medicine, and because internal medicine doctors often have little other clinical experience. Likewise, age was highly correlated to prior experience in Internal Medicine, and therefore was not included in the model.
The concordance outcome measures were correlated. For each doctor-nurse pair, there were 11 correlated responses corresponding to each scenario: a doctor-nurse pair was nested within a doctor and a nurse, but nurses were not nested within doctors or vice versa. Therefore, we had data correlated within multiple levels that were not nested within each other. To account for this correlation between questions and also between doctor-nurse pairs, we used the multistep Generalized Estimating Equations proposed by Miglioretti et al. [24] . The multistep method yields correct standard errors for confidence intervals and Wald hypothesis tests, and concordance estimates have marginal interpretation even when the units of analysis are correlated, so the interpretation does not depend on specific doctor-nurse pairs. Given the nature of our data and analyses, we used a bootstrap method for the power estimation. Because the effect size is quite large (adjusted OR for number of females = 1.32 in our dataset), the estimated power is 90% even if we only have 14 doctors and 14 nurses. We used this approach for the logistic model, comparing unadjusted results, and adjusted results for years of clinical experience in Internal Medicine, type of roles (doctor vs nurse), acuteness of clinical cases, gender, prior rotation in the ER and/or ICU, and whether training took place in Switzerland or not.
Results
Prior experience in the Division of General Internal Medicine was similar (mean of 3 years for residents, 4 years for the nurses). The average age of participants was 31 years for residents (range 25-36 years), and 37 years for nurses (range 27-48 years). Doctors and nurses differed in gender proportions (male to female ratio 10:4 among doctors, and 4:10 among nurses), and in place of training (ratio of Swiss-trained to training abroad of 10:4 among doctors vs 4:10 among nurses) [22] . Overall, the response rate to the eleven questions was very high. The participants responded to 99% of the questions with at least one choice. They provided a second choice in the majority of cases (66% for doctors and 70% for nurses). For one of the doctor questions, participants only had one choice (only one nurse provided two choices). Agreement among doctors and among nurses increased when considering the top two choices rather than just the first choice (Table 3 ). The number of choices ranged from one to five. Likewise, analyses of concordance by individual showed some variation, but no one had constantly atypical responses (Tables not shown) . We present in Table 4 the odds ratios of concordance among doctor and nurse pairs using the initial response, in both unadjusted and adjusted analyses. Results were very similar in the unadjusted and adjusted analyses. The only significant association between covariates and concordance was the number of female professionals in the doctor-nurse pairs.
Results from the logistic regression model comparing doctor-nurse concordance of the participants' top two choices for each question is presented in Table 5 . Results were similar in the unadjusted and adjusted analyses, other than for the acuteness of cases, which was only significantly associated with concordance in the adjusted analysis. The odds of agreement did not increase with prior experience in a common environment, prior acute care training (ER or ICU) or with the country of training. We found a significant association between the number of female professionals and the concordance between doctor and nurse pairs (adjusted OR 1.32 95%CI 1.02 to 1.73 p < .01), after adjusting for the other covariates. Pairs with two female professionals reached a higher odds of concordance than if there was only one woman in the pair, and that a pair with one female professional reached a higher odds of agreement than if there were two men in the pair. The odds ratio of doctor-nurse concordance was significantly higher in scenarios with acute cases, compared to non-acute cases.
Discussion
Sharing a similar team mental model of both doctor and nurse roles is an important basis for interprofessional collaboration, and some factors may predict a higher doctor-nurse concordance of roles and expectations in the initial management of some clinical scenarios. In our study, the odds of concordance between doctors and nurses on expected actions was associated with the number of female professionals in doctor-nurse pairs, and even after adjusting for prior experience in internal medicine or acute medicine, place of training and type of questions. This factor also had similar influence in analyses using either first choice or first twochoices of actions. Based on participants' initial responses to our set of clinical scenarios (top two-choice model), the concordance between doctors and nurses was higher for doctor role questions and for acute case management questions in the multivariate analyses. Although prior experience in Internal Medicine was a significant factor in the top choice model, our results did not consistently confirm this hypothesis in the top two-choice model. Our hypothesis for acute medicine and about country of training being associated with higher odds of agreement between doctors and nurses were also not confirmed. These results suggest that adaptation to the habits of the current professional environment may erase differences with habits originating from the past professional curriculum and working environment. This is in line with the "hidden curriculum" perspective [25] . The findings about the correlation with doctor or nurse scenarios support our previous results on the roles of doctors and nurses [22] . In that study, we attributed the initial findings of better correlation for nurses' scenarios than for doctors' scenarios to the weaker correlation on the item regarding nurses' autonomy. In the qualitative results, nurses considered themselves more autonomous than was perceived by the doctors [22] . This tendency is also suggested in the present study when analyzing the first response to the questionnaire (Table 4) . Nurses usually handle the initial responses to patient needs, often prior to the arrival of the doctor at the bedside. In our present analyses, we focused on the expectations for the immediate, initial actions of doctors and nurses to a variety of clinical situations, rather than on the overall approach and role of each professional, to get a better notion of role perceptions and expectations. When considering the top two choices for management, doctor management strategies had significantly higher odds of agreement than nursing management strategies in the given clinical situations. This finding suggests that doctor and nurses may have different notions of the order in which tasks need to be performed, even though they may agree on the overall content. Furthermore, tasks may also be performed simultaneously, particularly in acute or urgent situations. This finding suggests that our choice of comparing the two first actions was relevant to actual practice.
Concordance in doctor role and expectations may be affected by differences in clinical approaches of doctors and nurses. When the doctor arrives at the bedside, he/she takes on the role of decision-maker with a more abstract approach. While a nurse may anticipate administering oxygen if a patient's oxygen saturations drop, a doctor will probably also evaluate the need for ventilation, the type of radiology work-up, blood tests and other procedures, addressing not only the immediate problem, but also determining the etiology of the clinical problem and management plan. Low concordance could also be due to a difference in case management (i.e., what actions are needed) or in case perception (degree of severity or urgency) [26] .
The management of acute case scenarios seems significantly associated with better doctornurse concordance in the present study. This finding underlines the doctors' dependence on nurses to initiate assessment and actions at the bedside in response to unexpected events. Acute care situations often trigger life-supporting response tasks, and often have a clearly defined protocol. It is therefore not surprising that the acute cases reach higher odds for interprofessional agreement. The implications of this finding are important and should guide interprofessional education towards establishing clearer guidelines for mutual expectations of responses to less acute situations.
Gender differences are known to affect professional relationships, particularly among different professions like doctors and nurses [27] . The effect of female gender on concordance found in both the top choice model and top two choices model suggests that two women were more likely to agree on expected nurses' and doctors' actions than if one or both were men. The stratified analyses show an increasing trend of concordance from male-male (61% agreement on the first two choices), mixed gender (68% agreement) to female-female (74% agreement). These results reflect findings from prior literature on teamwork and gender in medical and non-medical contexts [27] [28] [29] [30] . Gender differences seem to start before clinical work as female nurses and medical students have better attitudes toward interprofessional collaboration [31] [32] [33] [34] . Differences in cognitive abilities such as attention [35, 36] and approach to solving complex problems in risky situations [37] may explain these results. Other hypotheses include better reliance of female physicians on clinical guidelines and evidence-based practice and more patient-centered care [38] . Gender effect and its causes is a particularly interesting issue for future interprofessional collaboration, given a growing number of women among the doctor workforce, and a predominantly female nurse workforce.
An increasing number of healthcare professionals in Switzerland are trained in other countries: the proportion of doctors trained outside of Switzerland increased from 29% to 35% between 2002 and 2008, and the proportion of nurses from 35% to 38%; the proportion of French-trained healthcare professionals working in Swiss hospitals increased from 33% to 36% during this period [39] . This issue is particularly relevant for the Geneva University Hospitals, with its high demand for nursing staff and close proximity to France. Contrary to our initial hypothesis, the country of training was not significantly associated with similarity in team mental model. We suspect that any potential effect of country of training, may decrease with time and experience gained in Internal Medicine. Testing our hypothesis adequately would require a larger sample, which would allow us to compare responses and expectations of newly trained doctors and nurses with that of more experienced professionals. We also cannot exclude that our dataset may simply be too small to show a statistically significant effect.
Strength and limitations
Choosing to create a dataset with a concordance variable that takes into consideration any combination of doctor and nurse is consistent with the reality, where the occurrence of doctors teaming up with different nurses (and vice versa) is common, and it allows us to somewhat improve the generalizability of results. Another strength of our study is that our analyses allow us to take into consideration personal characteristics and other potential confounders in a model for concordance among doctors and nurses.
Our 11-case questionnaire was created based on commonly encountered situations in internal medicine, which were familiar to all participants. Our questions should therefore allow for reasonable generalizability of results in terms of case specificity. Limitations of our study include the inclusion of only two health professionals in the study population. This choice is partly justified by our local practices, where other professions (physiotherapy, dietician, pharmacists, etc.) are not systematically involved in all areas of patient care. Using clinical scenarios addresses some facets of mental models but does not allow for a complete assessment. Future research should strive to develop ways to perform even more complete assessment. Furthermore, lack of concordance may arise from differences in patient management between doctors and nurses (i.e., nurses and doctors are trained to take care of different aspects of a given clinical situation) rather than from different team mental models. Using the method described in this paper, we intend to conduct a larger study to confirm the results of our analyses, and to further explore the role of gender in doctor-nurse concordance. Having a better understanding of the current state of interprofessional collaboration is a key component to developing tailored interventions for future interprofessional education. Finally, as underlined in our results, expectations and role perceptions are highly influenced by environmental conditions. This implies that our findings may not be generalizable to other medical specialties (surgery, pediatrics, for example), nor for other medical settings (different countries, for example). Future studies are needed to study cultural differences for interprofessional collaboration in these other specialties.
Conclusion
Identifying factors that affect interprofessional team mental models, in particular role perceptions and expectations between doctors and nurses can help guide the development and implementation of educational interventions aimed at improving interprofessional collaboration. In our study, concordance between doctors and nurses was lower for non-acute situations, and for doctor roles. Our brief questionnaire-based approach and concordance-based analyses may represent a simple, feasible method, which can be adapted to include more than two types of professionals, to rapidly assess the similarity of team mental models. 
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